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(54) Optical communication apparatus 

(57) An optical communication apparatus includes 
plural light sources having various emitting wave- 
lengths, plural branching filters provided at demultiplex- 
ing points or multiplexing points, the branching filters 
reflecting or transmitting light from said plural light 
sources, a plastic optical fiber interconnecting the 
branching filters, thereby conducting light and a light 
receiving element for receiving the branched light which 
is reflected or transmitted at said branching filter, 
wherein the branching filter splits the branched light into 
wavelength bands so that the half-widths of the wave- 
length bands do not overlap the others. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to fiber transmission devices capable of performing various multiple bus signal 
transmissions, or two-way communication in a single optical fiber, and more particularly relates to an optical fiber trans- 
mission device suitable for use with plastic optical fibers. 

w 

2. Description of the Related Art 

[0002] Recently, in order to achieve electromagnetic-noise-free transmission, high-speed transmission, reduced 
size, reduced weight, simplified installation and maintenance work and the like, optical communication apparatus (f iber? 

15 optic local area networks) have been used in practice instead of electrical communication systems; 

[0003] Fig. 9 shows a construction of a conventional optical communication apparatus employed in such an optical 
communication apparatus, in the optical communication apparatus, by electrically turning a light emitting, unit 1 on and 
off, on-off information is sent through an optical fiber from the light emitting unit 1 to a light receiving element 3. The light 
emitting unit 1 includes a light emitting element 1a, which is composed of a light emitting diode (LED) or the like, and 

20 which serves as a light source for converting an electrical signal into an optical signal (bus signal), a switch 1b, which 
is an electrical switch for causing the light emitting element la to turn on or off in accordance with information repre- 
sented by T or n 0 w , and a lens 1 c for focusing an emitted light beam from the light emitting element 1 a on one end face 
of a plastic optical fiber 2, which is a type of optical fiber. 

[0004] In the optical communication apparatus with the above-described construction, when ah optical signal is 
25 sent from a single light emitting unit 1 to plural light receiving elements 3 by time-dividing the optical signal, fast switch- 
ing of the switch 1b is performed. When an optical signal (bus signal) is sent from plural light emitting units 1 to plural 
light receiving elements 3 in one-to-one correspondence, plural light emitting units 1 and their counterparts, i.e.. light 
receiving elements 3, which have selectivity for each of the wavelengths X 1r .... and X n by performing wavelength mul- 
tiplexing, are provided on the plastic optical fiber 2. 
30 [0005] Applications utilizing this type of optical communication apparatus are known. For example, there are plural 
switches in vending machines, industrial plants and the like; monitoring systems for monitoring door-switch operations 
in automobiles; and automated central control systems, such as home automation systems, and medical automation 
systems. 

[0006] Plastic optical fiber 2, utilized in this optical communication apparatus is less expensive, easy-to-use, easy 
35 to work at the ends, and furthermore transmits visible light. 

[0007] When light beams emitted from plural LEbs are incident on a single plastic optical fiber 2, transmission loss 
in the plastic optical fiber 2 is a problem. 

[0008] In the plastic optical fiber 2 utilized in the above-described optical communication apparatus, as shown in 
Fig. 10, there is rib more than a slight transmission loss toward the shorter wavelengths (approximate!/ 400 to 600 nm) 
40 as well as in waveleingth of red light (generally approximately 650 nm) from a red LED. Accordingly, shorter wave- 
lengths, such those emitted from blue LED or green LED have attracted attention. 

[0009] At the shorter wavelengths, a bus signal is expected to be sent to over a distance via the plastic optical fiber 
2 by causing an optical signal (bus signal), corresponding to light sources such as a blue LED, a green LED, a yellow 
LED, and a red LED* to perform switching of the switch 1b. 
45 [001 0] When various types of LEDs are simply mounted on the optical communication apparatus, and light beams 
emitted from the LEDs reach the light receiving element 3 through the single plastic optical fiber 2, light beams in neigh- 
boring wavelength bands mutually interfere. Hence, noise is generated in a predetermined optical signal (bus signal) at 
the light receiving element 3, which results in another problem in which vaiid-optically-sent-information cannot be accu- 
rately demodulated. 

so [0011] Optical communication apparatus, which control plural switches in vending machines, industrial plants, and 
the like, and a monitoring system for monitoring door-switch operations in automobiles, adopt various characteristic bus 
communication methods, such as fiber-optic data distribution interface (FDDI), or "Institute of Electrical and Electronic 
Engineers" (IEEE) 1394. When this optical communication apparatus is incorporated into electronic device whereby 
information output from the electronic device is transferred through the plastic optical fiber 2 to a remote site, the elec- 

55 tronic device must be adjusted to apply an appropriate bus communication method or modifications must be made to 
the already-matched electronic device to detect this information at the remote site and to perform operations in accord- 
ance with the information. These modifications are time-consuming. 
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SUMMARY OF THE INVENTION 

[001 2] The present invention is made to solve the foregoing problems, and accordingly, it is an object of the present 
invention to provide an optical communication apparatus which operates with various bus communication types, and 

5 which performs noise-free optical transmission. 

[001 3] To this end. according to a first aspect of the invention, there is provided an optical communication apparatus 
including plural light sources having various emitting wavelengths, plural branching filters provided at demultiplexing 
points or multiplexing points, the branching filters reflecting or transmitting light from the plural light sources, a plastic 
optical fiber interconnecting the branching filters, thereby conducting light and a light receiving element for receiving the 

10 branched light which is reflected or transmitted at the branching filter, wherein the branching filter splits the branched 
light into wavelength bands so that the half-widths of the wavelength bands do not overlap the others. 
[0014] According to a second aspect of the present invention, there is provided an optical communication appara- 
tus including a sending unit including plural light emitting elements for emitting light beams of various wavelengths, and 
a first branching filter provided at demultiplexing points or multiplexing points for reflecting or transmitting light from the 

75 plural light emitting elements, a receiving unit including a second branching f ilter provided at demultiplexing points or 
multiplexing points for reflecting or transmitting light, and plural light receiving elements receiving light from the second 
branching filter and converting the received light into an electric signal, and a plastic optical fiber interconnecting the 
first branching filter of the sending unit and the second branching filter of the receiving unit, wherein the first branching 
filter and the second branching filter split the branched light into wavelength bands so that the half-widths of the wave- 

20 length bands do not overlap the others. 

[0015] Both two aspects of the invention enable signals to be transmitted using light, without interference among 
light beams and without causing cross talk in conditions which minimize transmission loss in plastic optical fiber. 
[001 6] In the optical communication apparatus, each of the first branching filter and the second branching filter may 
includes plural branching fflters. respectively and the plastic optical fiber may interconnect the plural branching filters. 

25 [0017] When it is desired to send more information, this is achieved by increasing the number of light emitting ele- 
ments and their corresponding branching filters as necessary and connecting the additional components to the appa- 
ratus. The addition of those components is easily performed in the process of connection. Therefore workability is 
greatly improved. 

[001 8] In the optical communication apparatus, the branched light may have a wavelength band from visible light to 
30 near infrared light. 

[0019] It is easy to confirm whether or not light is conducted by observing at an end of the plastic optical fiber, 
whereby various types of components can be easily connected to the optical communication apparatus. Moreover, by 
extending the emitted light wavelength into the infrared light region, a great number of electrical devices can be con- 
nected to the optical communication apparatus. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

40 Fig. 1 shows a basic construction of a four-wavelength-emitting optical communication apparatus; 

Fig. 2 shows the emission spectrum of the light emitting elements constituting the four-wavelength-emitting optical 
communication apparatus; 

Fig. 3 illustrates the emission spectrum of the light emitting elements, the transmittance and the reflectance of each 
branching filter of the four-wavelength-emitting optical communication apparatus; 
45 Fig. 4 shows the spectral sensitivity characteristics of the light receiving elements of the optical communication 
apparatus of the present invention; 

Fig. 5 shows a basic construction of an eight-wavelength-emitting optical communication apparatus; 
Fig. 6 shows the optical outputs from light receiving elements of the four-wavelength-emitting optical communica- 
tion apparatus of the present invention; 
so Fig. 7 shows the optical outputs from light receiving elements of the eight-wavelength-emitting optical communica- 
tion apparatus of the present invention; 

Fig. 8 shows the optical outputs from light receiving elements of the twelve-wavelength-emitting optical communi- 
cation apparatus of the present invention; 

Fig. 9 shows a construction of a conventional optical communication apparatus; and 
55 Fig. 10 shows the optical transmission loss in a plastic optical f iber. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0021] Fig. 1 shows a basic construction of an optical communication apparatus according to the present invention. 
The optical communication apparatus 1 has plural transmitting units T x 1, T x 2. .... and T x n; plural receiving units R x 1. 
R x 2, .... and R x n; and a plastic optical fiber 4 for connecting the transmitting units and the receiving units. The trans- 
mitting unit T x n includes plural light emitting units 1 0 for emitting plural light beams having different wavelengths JL 1t X 2 . 
and Xn, and plural optical demultiplexers 20A for performing optical branching or multiplexing by reflecting or transmit- 
ting light beams emitting from the light emitting units 10. One of the optical demultiplexers 20A is connected to one end 
4a of the single plastic optical fiber 4. The light beams emitted from the light emitting unit 10 pass into the end 4a and 

travel through the plastic optical fiber 4 to a remote site. Receiving units R x 1 , R x 2, and R x n are provided at the other 

end 4b of the plastic optical fiber 4. The receiving unit R x n includes plural light receiving units 31 , each individually hav- 
ing selectivity to one of the light beams of wavelengths X 1( \ 2 and A, n and plural optical demultiplexers 20B for 

branching, to each of plural light receiving units 31 , a light beam in each predetermined wavelength band from the entire 

spectrum band. Thus, plural transmitting units T x 1. T x 2 and T x n and plural receiving units. R x 1, R x 2. .... and R x n 

are provided at ends of the plastic optical fiber 4 so that both the transmitting units and the receiving units have selec- 
tivity for each of wavelengths a. 1t h 2 and A. n in one-to-one correspondence. 

[0022] Although, for the sake of simplicity, only one pair of the transmitting unit T x 1 and the receiving unit R x 1 is 
shown, plural pairs of the transmitting units T x n and the receiving units R x n are actually disposed along the plastic opti- 
cal fiber 4. Hereinafter, an optical multiplex communication apparatus 1 using light of four different wavelengths is 
20 described as one embodiment of the present invention. 

[0023] Specifically in this embodiment the transmitting unit T x 1 (one member of the pair) includes light emitting 
units 10 for emitting light beams of four different wavelengths, the optical demultiplexer 20 A for allowing a light beam in 
only a predetermined wavelength band to be reflected or transmitted, and plastic optical fibers 30a and 30b for convey- 
ing light beams therethrough. 

[0024] The light emitting unit 10 has the light sources, including a light emitting element 12 (blue LED) for emitting 
a blue light beam (>* approximately 470 nm). a light emitting element 14 (green LED) for emitting a green light beam 
(Xg approximately 525 nm). a light emitting element 16 (red LED) for emitting a red light beam (A, r approximately 650 
nm) and a light emitting element 18 (infrared LED) for emitting a near infrared light beam (k tr approximately 850 nm) 
[0025] Light emitting elements 12. 14, 16, and 18 are made of LEDs having good response-characteristics. As 
shown in Fig. 2, the emission spectrum of the output light beams therefrom has peak values in the blue range, the green 
range; the red range, and the near infrared range, and is substantially normally distributed. The output light beams have 
optical power highly concentrated along the optical axis. Moreover, light emitting elements 12, 14, 16, and 18 have the 
ability to show, as an optical signal, information represented by an electrical signal, such as on-off condition of a power 
supply thereof, and a digital signal. The output signal is output as an optical signal by a driving control device (not 
35 shown). * 

[0026] The optical demultiplexer 20A (first branching filter) includes a branching filter 22a reflecting light at blue 
wavelengths (around 480 nm) and transmitting light at other wavelengths, such as at green wavelengths; a branching 
filter 24a transmitting light at red wavelengths and reflecting light at other wavelengths (750 to 900 nm), such as at infra- 
red wavelengths; and a branching filter 26a reflecting light at blue and green wavelengths (450 to 560 nm) and trans- 
40 mining light at other wavelengths, such as at red and infrared wavelengths. 

[0027] The branching filter 22a has three mounting holes in the casing thereof. Ught emitting elements 1 2 and 1 4 
are fixed at two mounting holes so that each of the two mounting holes is disposed perpendicular to the optical axis of 
the corresponding light emitting element, and one end of the plastic optical fiber 30a is removably fixed at the remaining 
mounting hole. 

45 [0028] In the branching filter 22a, blue light is reflected and green light is transmitted then they travel to one end of 
the plastic optical fiber 30a. 

[0029] In the same way. the branching filter 24a has three mounting holes in the casing thereof. The light emitting 
elements 16 and 18 are fixed at two mounting holes so that each of the two mounting holes is disposed perpendicular 
to the optical axis of the corresponding light emitting element, and one end of the plastic optical fiber 30b is removably 
so fixed at the remaining mounting hole. 

[0030] In the branching filter 24a, red light emitted from the light emitting element (red LED) 16 is transmitted, and 
infrared light emitted from the light emitting element (infrared LED) 18 is reflected then they travel to one end of the plas- 
tic optical fiber 30b. 

[0031] The branching filter 26a has three mounting holes in the casing thereof. The other end of the plastic optical 
fiber 30a, the other end of the plastic optical fiber 30b, and one end of the plastic optical fiber 4 are removably mounted 
at the three mounting holes, respectively. 

[0032] Moreover, the branching filter 26a reflects blue and green light incident through the plastic optical fiber 30a 
from light emitting elements 12 and 14, and transmits red and infrared light, incident through the plastic optical fiber 30b 
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from light emitting elements 16 and 18: 

[0033] Thus, the above branching filters 22a, 24a, and 26a are disposed at optical demultiplexing points for demul- 
tiplexing light beams or in optical multiplexing points for multiplexing light beams. 

[0034] The above plastic optical fibers 4. 30a. and 30b are made of plastic and are thin long wires of diameter 
approximately 0.75 to 1 mm in the direction of the thickness. Additionally, the plastic optical fiber includes a core, made 
of polyrnethyl methacrylate (PMMA), formed in the center of the plastic optical fiber, and a cladding, made of transpar- 
ent resih. such as polyethylene, formed in the periphery and surrounding the core. By selecting the refractive index of 
the core to be slightly greater than that of the cladding, because of the difference between the refractive indexes of the 
core and the cladding, light beams can travel long distances confined within the core. 

[0035] Plastic optical fibers 4, 30a, and 30b of the present invention employ inexpensive, thick-core diameter, and 
easy-to-use step-index optical fibers (SI). 

[0036] A step-index fiber is a fiber in which the refractive index of the core changes stepwise in the radial direction, 
and is a multiple-rnode-type containing multiple light beams! each traveling at a different speed. 
[0037] Specifically in this embodiment, the receiving unit R x 1 includes the light receiving units 31 for receiving light 
of four different wavelengths, the optical demultiplexers 20B producing a branched light beam at a predetermined wave- 
length band by reflecting or transmitting light, plastic optical fibers 30c and 30d conducting the light beams there- 
through. 

[0038] The light receiving unit 31 includes light receiving elements 32. 34. 36, and 38. The light receiving elements 
are made of PIN photodiodes. have good directional characteristics and have relatively broad spectral sensitivity char- 
acteristics for light emitted from light emitting elements 12, 14, 16, and 18: 

[0039] The optical demultiplexer 20B (second branching filter) includes branching filters 22b, 24b. and 26b. 
[0040] The branching filter 22b has three mounting holes in the casing thereof. Light receiving elements 32 and 34 
are fixed at two mounting holes, and one end of the plastic optical fiber 30c is removably fixed at the remaining mounting 
hole. Moreover, the branching filter 22b allows light conveyed to the end of the plastic optical fiber 30c to branch to light 
receiving elements 32 and 34. 

[0041 ] In the same way as the branching filter 22a. the branching filter 22b is a band-pass filter (BPF) which reflects 
light in wavelength of only approximately 480 nm and transmits light at other wavelengths. 

[0042] The branching filter 24b has three mounting holes in the casing thereof. Light receiving elements 36 and 38 
are fixed at two mounting holes, and one end of the plastic optical fiber 30d is removably fixed at the remaining mount- 
ing hole. Moreover, the branching filter 24b allows light conducted to the end of the plastic optical fiber 30d to branch to 
light receiving elements 36 and 38. 

[0043] In the same way as the branching filter 24a, the branching filter 24b transmits only light at wavelengths 
between approximately 750 and 900 nm and reflects light at other wavelengths. 

[0044] The branching filter 26b has three mounting holes in the casing thereof. Other ends of the plastic optical fib- 
ers 30c, 30d, 4 are removably fixed at the three mounting holes. 

[0045] Moreover, the branching filter 26b reflects blue and green light, incident through the plastic optical fiber 4 
from light emitting elements 12 and 14, and transmits red and infrared light, incident through the plastic optical fiber 4 
from light emitting elements 16 and 18. 

[0046] In the same way as the branching filter 26a, the branching filter 26b reflects only light at wavelengths 
between approximately 450 to 560 nm and transmits light at other wavelengths. 
[0047] Plastic optical fibers 30c and 30d are the same as plastic optical fibers 4, 30a. and 30b. 
[0048] With the above construction, the optical communication apparatus 1 performs optical communication as fol- 
lows. xf . . 
[0049] Blue light (X b approximately 475 nm) is emitted from the light emitting element (blue LED) 12. is reflected in 
the branching filter 22a where light at wavelengths of around 480 nm is reflected, and is incident on one end of the plas- 
tic optical fiber 30a. As shown in Fig. 3. the branching filter 22a branches light at predetermined wavelengths (the 
shaded portion indicated by "X" in Fig. 3) as branched light beam (At,i) from light beam (X b ) at blue wavelengths. 
[0050] The blue branched light beam X w travels through the plastic optical fiber 30a, and is incident on the branch- 
ing filter 26a which is connected to the other end of the plastic optical fiber 30a. Since the branching filter 26a reflects 
light at wavelengths of 450 to 560 nm, the blue branched light beam X bl is reflected at the branching filter 26a and is 
incident on one end of the plastic optical fiber 4 which is disposed perpendicular to the optical axis of the plastic optical 
fiber 30a. 

[0051] The blue branched light beam X b , is transmitted through the plastic optical fiber 4. and is incident on the 
branching filter 26b through the other end of the plastic optical fiber 4. Since the branching filter 26b has the same con- 
struction as the branching filter 26a. the blue branched light beam Ay is reflected in the branching filter 26b. and is inci- 
dent on one end of the plastic optical fiber 30c which is disposed perpendicular to the optical axis of the plastic optical 
fiber 30c. The blue branched light beam \ bJ is transmitted through the plastic optical fiber 30c, and is incident on the 
branching filter 22b through the other end of the plastic optical fiber 30c. Finally, since the branching filter 22b has the 
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same construction as the branching filter 22a, the branching filter 22b reflects the blue branched light beam A^, to the 
light receiving element 32 where the blue branched light beam A*, is converted into an electric signal, 
[0052] Since green light (X g approximately 525 nm) emitted from the light emitting element 14 (green LED), is of 
specifically reflected wavelengths around 480 nm, the green light is transmitted through the branching filter 22a, and is 
incident on one end of the plastic optical fiber 30a. As shown in Fig. 3, the branching filter 22a cuts off short wave- 
lengths band which form the lower part from the curve indicated by "Y 1 *' in Fig. 3, and transmits the remainder of the 
green light beam \ q (Y1 ) which is the remainder of the emitted green light. The remaining green light beam A. g (Y1 ) trav- 
els through the plastic optical fiber 30a and is incident on the branching filter 26a which is connected to the other end 
of the plastic optical fiber 30a. Since the branching filter 26a reflects light at wavelengths of 450 to 560 nm, light at long 
wavelengths in the remaining green light, which is the upper part from the curve indicated by "Y2" in Fig. 3. is allowed 
to be transmitted. Accordingly, the transmitted light is then reflected, as a green branched light beam (3L gl ), at the 
branching filter 26a, and is incident on one end of the plastic optical fiber 4. The green branched light beam 5u, is trans- 
mined through the plastic optical fiber 4, is incident on the branching filter 26b through the other end of the plastic optical 
fiber 4, is reflected in the branching filter 26b, and is incident on one end of the plastic optical fiber 30c which is disposed 
perpendicular to the optical axis of the plastic optical fiber 4. Finally, the green branched light beam JU, is transmitted 
through the plastic optical f foer 30c. and is reflected, by the branching filter 22b, from the other end of the plastic optical 
fiber 30c to the light receiving element 32 where the branched light beam is converted into an electrical signal. 
[0053] Likewise, as shown in Fig. 1 , red light (A. r approximately 644 nm) and infrared light (X ir approximately 850 nm) 
are emitted from the light emitting element 16 (red LED), and are incident on the branching filter 24a where red light 
beam is reflected through the plastic optical fiber 30b to the branching lilter 26a while the infrared light is transmitted 
through the plastic optical fiber 30b to the branching filter 26a The red and infrared light travel through the plastic optical 
fiber 26a, are transmitted through the plastic optical fiber 4 and the branching filter 26b, and are incident on the branch- 
ing filter 24b through the plastic optical fiber 30d. Since, in the same way as the branching filter 24a. the branching filter 
24b reflects the light at wavelengths of 750 to 900 nm. red light is incident on the light receiving element 36 as red 
branched light beam X rl without substantial modification of the emitted light from the light emitting element 1 6 (red LED) 
(Fig. 3). In contrast, the infrared light beam is reflected at the branching filter 24b, and is incident on the light receiving 
element 38 as a infrared branched light beam X irl without substantial modification of the emitted light beam in the wave- 
lengths from the light emitting element 1 8 (infrared LED). Finally, the red and the infrared branched light beams are con- 
verted into electrical signals at light receiving elements 36 and 38; 

[0054] Thus, the blue light beam, the green light beam, the red light beam, and the infrared light beam emitted from 
light emitting elements 12, 14, 16, and 18. respectively, are received as branched light beams at light receiving ele- 
ments 32. 34, 36, and 38, respectively, so that the wavelengths of the branched light beam do not overlap the others 
whereby information sent by multiplexing the light beams as an optical signal and can be accurately received at a 
remote location. 

[0055] In view of the differences in the transmission loss in plastic optical fibers 4, 30b and 30d for each wavelength 
transmitted, the half-width of each branched light beam may be increased so that greater branched light intensity is 
gained at longer wavelengths, at which transmission loss is greater. 

[0056] Also, considering the spectral sensitivity characteristics of each of the light receiving elements 32, 34, 36, 
and 38, as well as the light transmitting characteristics of each of plastic optical fibers 4, 30a, 30b, 30c. and 30d! the 
branched light intensity characteristics of each branching filter is set so that the branched light intensity characteristics 
are optimized. 

[0057] In addition, instead of plastic optical fibers 30a, 30b, 30c, and 30d, optical waveguides may be used. 
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[0058] Based on Table 1 . optimal conditions are described in which the light emitting unit 10 has four light emitting 
elements for emitting light at different wavelengths, and in which the light receiving unit 31 receives branched light only 
in wavelengths in which little or no cross talk occurs. 
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[0059] Table 1 illustrates fiber loss P 1 , the optical outputs of four different light emitting elements 1 2. 1 4, 1 6 and 1 8 
spc-ctral sensitivity characteristics m of light receiving elements 32, 34. 36. and 38. the output from the end of the fiber 
on the side of each light emitting element 12. 14. 16. and 18, the transmittance/reflectance T, of each branching filter 
the final output (the output from a light receiving element after a light beam is incident on the light receiving element 
through a fiber), and leakage light (loss due to dispersion of light) for the wavelength band of 400 to 900 nm namely 
the range of the wavelengths X of visible light and infrared light. 

[0060] In order to achieve the above optimal conditions, the coating thickness of each branching filter is set so as 
to have optimal transmittance/reflectance T,. Generally, the transmission loss should be maintained to be equal to or 
less than 20 dB (1 percent of the transmittance) when a signal is transferred in a single optical (plastic) fiber without 
usng a repeater. In practe. it is desirable for the transmittance loss is desirable to be maintained to be equal to or less 
than 10 dB. 

[0061J Conditions which minimize the transmission loss and which satisfy the above minimum requirements may 
be determined from the following expression (1). initially, in view of the spectral sensitivity characteristics of the light 
receiving elements shown in Fig. 4. the output P OUT of a light beam from one end of a plastic optical fiber emitted from 
a light emitting element through the plastic optical fiber for each wavelength X„ is defined as follows: 

PouT( n ) = P n * P n * n n (1) 

where 

p n is the transmission loss in a plastic optical fiber; 
P n is the optical output of a light emitting element; 
t|„ is the sensitivity of a light receiving element. 

[0062] The final output P(n) of a light beam, which travels through plastic optical fiber and is transmitted or reflected 
at predetermined branching filters, is determined as follows: 

P(n) = PouT(n) ' T n • 1000 • L n (2 ) 

U, (not shown in Table 1) represents branching loss, and is a constant (L„ = 0.15) for all wavelengths. 
T„ represents the transmittance or the reflectance of a branching filter. 

[0063] Thus, the total amount P(total) of each final output P(n) at all wavelengths 5L, of 400 to 900 nm is determined 
as follows; 

P(total) = -10 • Iog10 • ZP(nleak)/P(n) (3) 
[0064] ZP(nleak) represents the total amount of the leaked light at all wavelengths. 

[0065] Accordingly. Table 1 shows optimized results obtained by applying the optimal design to the branching filters 
to obtain the total amount P(total) which has the final output P(n) with low light transmission loss at each light receiving 

[0066] Fig. 6 shows one example of the optimized results in which, in order to optically communicate by causing 
ignt of each wavelength to carry information employing the blue LED (\ b : 470 nm). the green LED (V 525 nm) a yel- 
low LED (Xy: 570 nm). and the red LED (V 644 nm). the branching filters split the wavelength band into a nurnber of 
predetermined regions so that the wavelength band of each light beam does not overlap the others. 
[0067] The optical communication apparatus having a transmitting unit emitting light of four different wavelengths is 
constructed in the same way as the basic construction shown in Fig. 1 , except that a light emitting element (yellow LED) 
18a for emitting yellow light, instead of the light emitting element (infrared LED) 18, is used. A light receiving element 
38a. i.e.. the counterpart of the light emitting element 18a. is provided in the light receiving unit 31 . 
[0068] A normal-distribution is formed in a narrow wavelength band where the peak wavelengths of each light as 
shown in Fig. 6. are 465 nm. 520 nm. 565 nm. and 645 nm. and the half-width of each dominant wavelength is main- 
tained within 30 nm. Although each light produces an nth harmonic component, the value of the nth harmonic compo- 
nent is of a nearly negligible quantity. 

[0069] Thus, by maintaining the half-width of the branched light having a dominant wavelength within 30 nm optical 
communicatjon can be performed without risk of cross talk, regardless of the drift of the wavelength band (the shift in 
the peak of the wavelength) caused by changes in a power supply for a light emitting element. 
[0070] An optical communication apparatus having eight emitting wavelengths according to a second embodiment 
of the present invention, is described with reference to Figs. 5 and 7. 
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[0071] As shown in Fig. 5, the optical communication apparatus, having eight emitting wavelengths, includes a 
transmitting unit 40 having light emitting elements for emitting light beams of eight different wavelengths, the plastic 
optical fiber 4 connecting one end thereof to a part of the transmitting unit 40 for conducting light emitted from the trans- 
mitting unit 40, and a receiving unit 41 connected to the other end of the plastic optical fiber 4 having light receiving ele- 
5 ments for converting an optic signal into an electrical signal. 

[0072] The transmitting unit 40 includes a first transmitting unit T x 1 , a second transmitting unit T x 2. and a branch- 
ing filter 58a connected to the first and the second transmitting units T x 1 and T x 2. 

[0073] The receiving unit 41 includes a first receiving unit R x 1 t a second receiving unit R x 2, and a branching filter 
58b connected to the first and the second receiving units R x 1 and R x 2. 
w [0074] The first transmitting unit T x 1 has the same construction as the counterpart T x 1 in the optical communica- 
tion apparatus having four emitting wavelengths in the first embodiment. Likewise, the first receiving unit R x 1 has the 
same construction as the that the counterpart R x 1 in the first embodiment. 

[0075] The transmitting unit T x 2 basically has the same construction as the transmitting unit T x 1 , and likewise, the 
receiving unit R x 2 basically has the same construction as the receiving unit R x 1. The differences are the employing 
75 emitting wavelengths of transmitting units T x 1 and T x 2, the employing receiving wavelengths of receiving units R x 1 and 
R x 2 ( and spectral sensitivity characteristics of the branching filters of T x 1 and T x 2 as well as the branching filters of 
R x 1 and R x 2. 

[0076] The transmitting unit T x 2 includes a light emitting element (violet LED) 43 emitting violet light (X^ 445 nm), 
a light emitting element (blue green LED) 45 emitting blue green light (Xb g 500 nm), a light emitting element (yellow 

20 green LED) 47 emitting yellow green light (X yg 550 nm), a light emitting element (orange LED) 49 emitting orange light 
(Xo r 600 nm), a branching filter 52a having light emitting elements 43 and 45 mounted thereon, a branching filter 54a 
having light emitting elements 47 and 49 mounted thereon, and a branching filter 56a connected through a plastic opti- 
cal f toer 60a to the branching filter 52a and connected through a plastic optical fiber 60b to the branching filter 54a. 
[0077] The branching filter 52a transmits only light at violet light wavelength (Xv 445 nm) into the casing thereof, and 

25 reflects light at other wavelengths. 

[0078] The branching filter 54a transmits only light at yellow green light wavelength (X yg 550 nm) into the casing 
thereof, and reflects light at other wavelengths. 

[0079] The branching filter 56a transmits only light at wavelengths of 420 to 520 nm into the casing thereof, and 
reflects light at other wavelengths. 
30 [0080] The branching filter 58a reflects light at wavelengths of the violet light (Xv 445 nm), blue green light (X^ 500 
nm), yellow green light (X yg 550 nm), and orange light (X^ 600 nm). and transmits blue light (X* 470 nm), green light (Xg 
525 nm), yellow light (Xy 570 nm), and red light (X T 650 nm). 

[0081] The R x 2 includes light receiving elements 53, 55. 57. and 59, which are composed of PIN photo diodes, a 
branching filter 52b having light receiving elements 53 and 55 mounted thereon, a branching filter 54b having light 
35 receiving elements 57 and 59 mounted thereon, a branching filter 56b connected through a plastic optical fiber 60c to 
the branching filter 52b and connected through 60d to the branching filters 54b. 

[0082] Branching filters 52b, 54b. and 56b have the same construction as branching filters 52a, 54a. and 56a. 
[0083] Fig. 7 shows wavelength distribution characteristics of the optical communication apparatus having eight 
emitting wavelengths. 

40 [0084] As shown in Fig. 7, there are eight peak values of the optical outputs, i.e. the violet light (Xv 445 nm). the blue 
light (X b 470 nm), the blue green light ((X^ 500 nm), the green light (X g 525 nm), the yellow green light (X yg 550 nm), 
the yellow light (X y 570 nm), the orange light (X OT 600 nm). and the red light (X, 650 nm). The half-width of each peak 
value is equal to or less than 30 nm, whereby a wavelength normal distribution curve is formed in which each optical 
output having the peak value does not overlap the others. 

45 [0085] Accordingly, by sending information as an optical signal on light beams of such wavelengths, the optical 
communication is performed with little or no cross talk. 

[0086] As described above, embodiments using the optical communication apparatuses having four different emit- 
ting wavelengths and eight different emitting wavelengths have been described. However, the number of the emitting 
wavelengths of the optical communication apparatus is not necessarily four or eight. For example, two or three light 

so emitting elements may be used for the optical communication apparatus. 

[0087] In order to extend to the optical communication apparatus which uses twelve light beams having different 
peak values at wavelengths, it is easily achieved by adding a transmitting unit T x 3 and a branching filter, other than T x 1 
and T x 2 as shown in Fig. 5, on the transmitting part, and by adding a receiving unit R x 3 and a branching filter, other 
than R x 1 , and R x 2, on the receiving part. 

55 [0088] Fig. 8 shows wavelength distribution characteristics of the optical communication apparatus having twelve 
emitting wavelengths. Four more peaks are provided so as to cover between each peak in the wavelength distribution 
in Fig. 7. The half-width of each peak value is not more than 30 nm so that the cross talk owing to light at each wave- 
length is prevented. 
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[0089] Twelve branched light beams branched by branching filters are received, respectively/from shorter wave- 
lengths to longer wavelengths in order of violet 1 , violet 2, blue, blue green, green, yellow green, yellow, orange, red 1 , 
red 2, red 3. and near infrared. 

[0090] When the optical communication apparatus uses four, eight, or furthermore twelve predetermined emitting 
wavelengths, extra light emitting elements can be easily added and connected via branching filters and plastic optical 
fibers thereto. 

[0091] As the number of bus signals corresponding to the light emitting elements increases, for example from 4 to 
8. and furthermore to 1 2, more peaks are provided so as to cover between each peak of the dominant wavelengths of 
the branched light. Therefore, selectivity for each light at wavelengths increases. In addition/workability is greatly 
improved in the case of connecting the light emitting elements to bus signals. 

[0092] The emitting light wavelengths range between 400 nm and 900 nm, which lie within a wavelength range of 
visible light and near infrared light. In visible light (400 nm to 700 nm), it is easy to confirm whether or not light is con- 
ducted by observing at an end of the plastic optical fiber 4, whereby various types of components can be easily con- 
nected to the optical communication apparatus. Moreover, by extending the emitted light wavelength into the infrared 
light region (700 to 900 nm), a greater number of electrical devices can be connected to the optical communication 
apparatus. 

[0093] Although it has been described that transmitting units T x 1 , T x 2 and T x n have four light emitting elements 

for each, each transmitting unit does not necessarily have four emitting elements. For example, in Fig. 1 , an optical com- * 
munication apparatus may include a transmitting unit having light emitting elements 16 and 18, branching filters 24a 
and 26a and the plastic optical fiber 30b; the plastic optical fiber 4; and a receiving unit having light receiving elements 
36 and 38, branching filters 24b and 26b, and the plastic optical fiber 30d. Therefore, the optical communication appa- 
ratus having two emitting wavelengths is obtained whereby a combination of a plural of the above optical communica- 
tion apparatuses may be used. 

Claims 

1 . An optical communication apparatus comprising: 

plural light sources having various emitting wavelengths; 

plural branching filters provided at demultiplexing points or multiplexing points, the branching filters reflecting 
or transmitting light from said plural light sources; 

a plastic optical fiber interconnecting the branching filters, thereby conducting light; and 
a light receiving element for receiving the branched light which is reflected or transmitted at said branching fil- 
ter; 

wherein the branching filter splits the branched light into wavelength bands so that the half-widths of the wave- 
length bands do not overlap the others. 

2. An optical communication apparatus comprising: 

a sending unit including plural light emitting elements for emitting light beams of various wavelengths, and a 
first branching filter provided at demultiplexing points or multiplexing points for reflecting or transmitting light 
from said plural light emitting elements; 

a receiving unit including a second branching filter provided at demultiplexing points or multiplexing points for 
reflecting or transmitting light, and plural light receiving elements receiving light from said second branching fil- 
ter and converting the received light into an electric signal; and 

a plastic optical fiber interconnecting said first branching filter of said sending unit and said second branching 
filter of said receiving unit; 

wherein said first branching filter and said second branching filter split the branched light into wavelength 
bands so that the half-widths of the wavelength bands do not overlap the others. - 

3. An optical communication apparatus according to Claim 2, 

wherein each of said first branching filter and said second branching filter includes plural branching filters 
respectively; and 

wherein the plastic optical fiber interconnects said plural branching filters. 

4. An optical communication apparatus according to one of Claims 1 to 3, wherein the branched light has a wave- 
length band from visible light to near infrared light. 
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FIG. 1 
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FIG. 2 



100 
80 
60 
40 
20 
0 



B 


X 






lr 












N 
























i / 





400 500 600 700 800 900 
WAVELENGTH X (nm) 



FIG. 3 




400 500 600 700 800 900 
WAVELENGTH k (nm) 



EP 1 018 814 A2 




13 



EP1 018 814 A2 



FIG. 5 
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